1 Number 

L INUIllL/tTl 

Hits 


DB 

1 imp <tamn 

i line jiaiii}j 


828 

avlward in "iehnprt hilmar" in "narker robert" in 

si y i vvai %j « ii i* itinix.iLj iiiuiiai till* ^joi i\x i y i x/l/x^i b *in. 

USPAT; 

2003/1 Z/Ol 16-47 

Am\J\J *J I 1 Ami \S 1 1 X-/ • I A\. 




US-PGPUB- 

X4 %J I XJ 1 \Jlmff 





EPO; ]PO; 





DERWENT 

\mT mmmW IX T T Wm* | V 1 



361 

"avlward i" in "lehnert hilmar" in "Darker robert" in 

U I If fill \4 / j sills l^lll 1^ 1 V# 11111 1 IQI • II 1 • UUI f\^l # 1 v L-r^ lb * 11 1 * 

USPAT; 

2003/12/01 16-43 




US-PGPUB- 





EPO- IPO* 





DERWENT 

!✓ 1^ IX fl LI 1 1 



317 

"avlward i richard" in "lehnert hilmar" in "narker 

ajiwai\*p j* iiuiqiu >iii* ixviiiiv.ii^ inn licit ■ i ■ i • pai ivvi ^ 

USPAT; 

2003/12/01 16-43 



robert". in. 

1 W V 1 tills 

US-PGPUB: 





EPO; ]PO; 





DERWENT 

l/Lrl\ll Ul 1 1 



28 

( "avlward i rirhard" in "lehnprt hilmar" in "narkpr 

\ ujrivvuiu^ j* ii^iiciivj .hi. icuiici iiuiiiai .in. yjai ixxTi f 

USPAT; 

2003/12/01 16*47 



robert" in ) and $4soeak$3 

US-PGPUB- 

\A*7 ■ VJ1 X-* U j 





EPO- IPO- 





DERWENT 



6 

5253298 URPN 

USPAT 

2003/1 2/01 16-46 

Am \mf\J J / 1 X. / \J | | Ul TU 


121 

381/97 eels 

USPAT; 

2004/06/28 17-15 

*-UU 1/ UU/ x? 1 / • 1 J 




US-PGPUB- 





EPO* IPO* 





DERWENT 



4 

5642429 URPN 

«*/ V 1 Am I Am 7 * \A 1VI 111 

USPAT 

2003/1 2/02 09-39 

Am\J\JtJl \Ami\jAm U7.J7 


5 

("3138667" 1 "3947635" 1 "4771466" 1 "4845759" 

\ J ■ W W # 1 *J J II W uj 1 IMS 1 I VV X/ 1 ■ W I J / J 7 

USPAT 

2003/1 2/02 09-50 

4VVJ/ 1 Aml\JAm U 7 . J U 



1 "5233664") PN 




7 

5230022 URPN 

*J £— *J\J\J Am Am • \A Ixl 1 >l . 

USPAT 

2003/1 2/02 09-44 

twvJ/ 1 Z./ UZ. U 7 . i j 


4 

5912975 URPN 

I \ Am 7 l <mf • \A 1 xl in. 

USPAT 

2003/1 2/02 09-46 

tlWJ/ \Aml\jAm U 7 » lU 


996 

down adi miy$7 downmiY^"? 

U v VYI 1 aUJ 1 1 11 A >p J UvJWllll 11 A «P J 

U^PAT 

UJrA 1 

2007/1 2/0? 09-5 1 

LUUJ/ lAmlKJmm. \J 7 . O \ 


1 19 

/down adi miY$7 dnwnmiY$7) and *hifr$7 with nha^t? 

\VIUWIl aUJ II1IA>PJ UV/VVI1111IA4'*-' / dllU dllllL>4>J W1U1 JJlla3 4>Z. 

USPAT 

2007/1 ?/02 10-50 

iwUJ/ \Ami\jAm 1 VlJU 


13 

("2964622" 1 "3575660" 1 "4488119" 1 "4755761" 

USPAT 

2007/1 2/02 09-5? 

Am\J\JtJl \Ami\JA\. V7tJI 



1 "5140198" 1 "5398080" 1 "5410743" I "5559457" 

<J 1 I XV 17V J <J 7 \J \J \J \J J I I U / 1 «J J J J7TJ/ 





1 "5678220" 1 "5826180" I "5901349" 1 "5912975" 

| JU/ \J A, Am\J | J UZ.U 1 UU J7v 1 J~7 J 7 I Z, 7 / J 





1 "5922964") PN 

•j 7 a- Am 7 \j\ y .r i n. 




3 

("5625696" 1 "5870480" 1 "6381 333") PN 

USPAT 

2007/1 ?/n? no*^7 

4m\J\JOi \Ami\jAm U7.J/ 


62 

("RE25652" 1 "3170991" 1 "3219757" 1 "3236949" 

y Ixl-Z. J U J Z. | J 1 / U77 1 f J Z. 1 7 / J / | JZ. JU7 1 7 

USPAT 

2007/1 9/0? 10-1 "5 



i "3238304" 1 "3249696" 1 "3892624" I "4060696" 

| JU I *J A- I 7 \J 7 \J sj \J 7 A~\J £-\ I UUUU 7 U 





1 "4068093" 1 "4118599" 1 "4139728" 1 "4159397" 

| * VU W U 7*/ | 11 ■ Vs J 7 7 i 1 J 7 / A. \J I 1 J 7 J 7 / 





1 "4192969" I "4199658" 1 "4208546" 1 "4209665" 

| i 1 7 I- 7 \J 7 | 1 1 7 7 \J *J \J | I ^-X/U J 1 W | TA.U7UU J 





"4218585" I "4309570" I "4356349" I "4388494" 





1 "4394537" i "4567607" 1 "4603429" 1 "462539A" 





1 "4661851" f "4696035" I "4700389" I "4706287" 

1 I W 1 \J -J 1 1 I w 7 W «J j 1 / x/x</ JU7 1 i £ \J\J A^v i 





"4782530" 1 "4893342" 1 "4908858" I "4910778" 





i "4910779" 1 "4975954" 1 "5034983" 1 "5056149" 





1 "5095507" 1 "5095798" 1 "5136651" 1 "5173944" 





1 "5208493" 1 "5301236" 1 "5319713" I "533"??0O" 





1 "5381482" 1 "5384851" I "5412732" I "5418856" 

| J JU 1 lUit j *J \J I \J J 1 | <Jt I Am / J Am | J I 1 JU 





| "5420929" | "5436975" | "5438623" | "5440639" 





| "5517570" | "5524053" | "5533129" | "5546465" 





| "5579396" | "5581618" | "5598478" | "5659619" 





| "5862227" | "5889867").PN. 




15 

4567607.URPN. 

USPAT 

2003/12/02 10:29 
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~6T 


2556 
9 

74962 
0 

584 
669 
326 
1 

6 

679 


493 


7 
4 
1 
5 

4 

15 


4 
10 
6 

284 


121 


/"RF9 5A5 7" 1 

"71 70991 " I 

JI/U77I 

"1719757" 

1 7/ J/ | 

3236949" 

1 "3938304" 

I "3249696" 

1 "3892624" 

"4060696" 

1 "4068093" 

I "41 1 8599" 

1 I 1 1 OJ77 

1 "4139728" 

"41 59397" 

1 "4197969" 

I "4199658" 

1 "4208546" 

"4209665" 

I "421 8585" 

I 14. lOJDJ 

! "4309570" 

1 "4356349" 

"4388494" 

1 "4394537" 

| "J7TJJ / 

1 "4567607" 

1 "4603429" 

"4625326" 

I "4AA1 851 " 

I "4696035" 

1 "4700389" 

"4706287" 

I "4782530" 

1 "4893342" 

1 "4908858" 

"4910778" 

I "4910779" 

1 "4975954" 

1 "5034983" 

"5056149" 

! "5095507" 

I "5095798" 

I "51 36651 " 

"51 73944" 

J 1 / J7 I 1 

I "5208493" 

| Ji.UO ~7J 

1 "5301236" 

1 "531971 3" 

JJ 1 7 / IJ 

"5333200" 

>J *J *J *J C- \J\J 

| "5381482" 

| "5384851" 

| "5412732" 

"5418856" 

| "5420929" 

| "5436975" 

| "5438623" 

"5440639" 

| "5517570" 

| "5524053" 

| "5533129" 

"5546465" 

| "5579396" 

1 "5581618" 

1 "5598478" 

H 5659619 ,, 

| "5862227" 

| "5889867").PN. 



(low adj frequenc$3 bass same frequenc$3) same shift$3 
with phas$2 

((low adj frequenc$3 bass same frequenc$3) same shift$3 

with phas$2) and (down adj mix$3 downmix$3) 

pass adj filter 

"all pass" adj filter 

"all-pass" adj filter 

(all-pass allpass) adj filter 

(all-pass allpass) adj filter and phase near3 shift$3 

((all-pass allpass) adj filter and phase near3 shift$3) and 

(down adj mix$3 downmix$3) 

5463424.URPN. 

381/98.ccls. 


"all" with pass with filter 


(?ll adj pass ?ll near3 pass) with filter 


5230022.URPN. 
5912975.URPN. 
6321076.URPN. 

("5901349" | "5912975" | "6029059" | "6081697" 
| "6151313").PN. 
5912975.URPN. 
("Re29171" | "4191852" 
"4873722" | "4980914" 
"5230022" | "5339363" 
"5742687" | "5761313" 
RE29171.URPN. 
481 71 62.11 RPN. 
5235646.URPN. 

381/98.ccls. and ((low lower) adj frequenc$3 bass near4 
frequenc$3) 


| "4218585" | 
| "5119420" | 
| "5420929" | 


"4817162" 
"5121433" 
"5692050" 


'58091 49").PN. 


(381/98.ccls. and ((low lower) adj frequenc$3 bass near4 
frequenc$3)) and (phase near3 shift$3 delay) 


USPAT 


USPAT 

USPAT 

USPAT 
USPAT 
USPAT 
USPAT 
USPAT 
USPAT 

USPAT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT 

USPAT 

USPAT 

USPAT 

USPAT 
USPAT 


USPAT 

USPAT 

USPAT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 


2003/12/02 10:34 


2003/12/02 10:56 

2003/12/02 11:05 

2003/12/02 11:01 
2003/12/02 11:03 
2003/12/02 11:03 
2003/12/02 11:04 
2003/12/02 11:04 
2003/12/02 11:05 

2003/12/02 11:09 
2003/12/02 11:22 


2003/12/02 11:28 


2003/12/02 11:28 


2003/12/02 11:31 
2003/12/02 11:32 
2003/12/02 11:39 
2003/12/02 11:39 

2003/12/02 11:42 
2003/12/02 11:42 


2003/12/02 11:43 
2003/12/02 11:45 
2003/12/02 11:46 
2003/12/02 12:00 


2003/12/02 12:03 


Search History 7/7/04 1 0:22:05 AM Page 2 
C:\APPS\EAST\Workspaces\09735 1 23channelShiftwsp 



57 

(38 1 /98.ccls. 3nd ((low lower) adj frequency .5 bass near4 
frequenc$3)) and (phase near3 shift$3 ) 

USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT 

2003/12/02 12:56 


0 

5280528.URPN. 

USPAT 

2003/12/02 12:15 


17 

("3632886" | "3708631" | "3746792" | "3836715" 
| "3864516" | "3883692" | "3883832" | "3885099" 
| "3943287" j "3944735" | "3959590" j "4306200" 
| "4704728" | "4706287" | "4891839" | "4932059" 
| "5046098").PN. 

USPAT 

2003/12/02 12:15 


4 

("3944941" | "4186273" | "4891841" | 
"4982435").PN. 

USPAT 

2003/12/02 12:42 

- 

2 

5325440.URPN. 

USPAT 

2003/12/02 12:52 


1 1 

4982435. URPN. 

USPAT 

2003/12/02 12:54 


13 

("2379714" | "2408692" | "3127476" | "3281533" 
| "3539725" | "3805177" | "3842702" | "4150253" 
| "4182930" | "4982435" | "5023490" | "5175770" 
| "5276764").PN. 

USPAT 

2003/12/02 12:55 


887 

first adj aduio signal and second adj audio adj signal 

USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT 

2003/12/02 15:00 


10 

(first adj aduio signal and second adj audio adj signal) and 
relative with phase near2 shift$3 

USPAT; 
US-PGPUB- 
EPO; JPO; 
DERWENT 

2003/12/02 12:56 

- 

24 

4356349.11 RPN. 

USPAT 

2003/12/02 13:04 


6 

5235646. URPN. 

USPAT 

2003/12/02 13:30 


2683 

"each" 

USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT 

2003/12/02 13:32 


25868 

(delay phase adj shift$3) with channel 

USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT 

2003/12/02 13:35 


4950 

(phase adj shift$3) with channel 

USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT 

2003/12/02 13:35 


136 

(phase adj shift$3) with channel and (five six) near3 channels 

USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT 

2003/12/02 13:35 

- 

3 

relative near3 (phase adj shift$3) with channel and (five six) 
near3 channels 

USPAT; 
US-PGPUB- 
EPO- IPO- 
DERWENT 

2003/12/02 13:35 

- 

5 

("5642427" | "5657391" | "5883962" | "5912975" 
| "6111958").PN. 

USPAT 

2003/12/02 13:58 


0 

650765 7.U RPN. 

USPAT 

2003/12/02 1 4-06 


62 

381/97.ccls. and ((low bass) near3 frequenc$3) 

USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT 

2003/12/04 17:41 


58 

(381/97.ccls. and ((low bass) near3 frequenc$3)) and 
phase 

USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT 

2003/12/02 14:13 
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34 

("3541266" 1 "4239939" 1 "4308424" 1 "4394535" 

l +J mm* 1 1 Mm ^mf 1 1 Mm *mf 9 9 *mf 9 1 I +9 ^9 W 14* 1 1 ■ *y * 1 +9 +mf 4»r 

USPAT 

2003/12/02 14:18 



| "4479235" | "4489432" | "4496979" | "4594610" 





1 "4594730" 1 "4625326" 1 "4633495" 1 "4685134" 

1 I *tJ 9 I / *mW \J 1 1 \J Mm *m9 Mm \f 1 1 V V ■ 9 mm* 1 1 \f W *m9 1^1 





t "4706287" 1 "4748669" 1 "4819269" 1 "4836329" 

| I / V v Mmm \J i 1 1/1 WW f 1 I W 1 * >fc W » 1 I W w V *J ma r 





i "4841572" 1 "4866774" 1 "4972489" 1 "5177329" 

| I V I 1 mj i Mm 1 1 W\^\^ / # 1 1 \ M § Mm 1 W * 1 mmf » £ W *mf Mm M 





1 "5251260" 1 "5319713" 1 "5333201" 1 "5339363" 

I mj Mm mj 1 1 *^ mm* 1 #^ # 1 %mf 1 »■/ *■/ 1 1 *mf *mf v * X^ *^ 





i "5459813" 1 "5638452" I "5661808" 1 "5771295" 

1 mJ I ^ ^ W 1 *mW 1 V %•# V v 1 mm* b 1 *y \^X^ ■ V x* W 1 *^ / * 1 * *^ 





j "5784468" | "5850453" | "5870480" j "5995631" 





1 "6122381" I "6243476").PN. 

1 V* 1 Mm Mm %mf W ■ 1 \m* Mm » %mf I / X# / * * 1 V* 




878 

relative with chase with channels 

USPAT; 

2003/12/02 15:00 




US-PGPUB; 





EPO; IPO; 





DERWENT 



650 

first adj audio adj signal and second adj audio adj signal 

USPAT; 

2003/12/02 15:01 




US-PGPUB; 





EPO; IPO; 





DERWENT 



5 

(relative with nhase with channels) and (first adi audio adi 

USPAT; 

2003/12/02 15-01 

Mm \J \f %J / 1 Mmi \mT Mm 1 • X^ 1 



signal and second adi audio adi signal) 

Jlgl IQl Oil JVvVHU QUI QUVIIv Civil JIhIIQI/ 

US-PGPUB- 





EPO- IPO- 





DERWENT 



1 4 

("2093540" 1 "2836662" 1 "2845491" 1 "3236949" 

y X> W f *J *J I W I J W W Wfc 1 ^ V ■ ■ S I 1 ij ^ tj W X IX 

USPAT 

2003/12/02 1 5-07 



1 "3560656" 1 "3892624" 1 "3970787" 1 "4027101" 





1 "4058675" 1 "4069394" 1 "4139728" 1 "4149036" 





1 "4159397" 1 "421 8585"). PN. 

1 1 1 tmf 9 mm* 9 * j 1 Mm 1 W mf W V / 1 « » 




30 

421 8585. URPN. 

USPAT 

2003/12/02 15-08 


15 

("4107463" 1 "4876719" I "5189562" 1 "5319713" 

USPAT 

2003/12/02 15-15 



1 "5402500" 1 "5434922" 1 "5701346" 1 "5729227" 





1 "5771295" 1 "5841993" 1 "5870365" 1 "5870480" 





1 "5896358" 1 "6023490" 1 "61 73024") PN 




10 

("3632886" 1 "3746792" 1 "3959590" 1 "4589129" 

USPAT 

2003/12/02 15-18 



1 "4680796" 1 "4799260" 1 "5172415" 1 "5319713" 

1 1 \J w \^ # X 1 miff Mm 1 «V 1 / 1 1 «^ 1 «^ m f M 1 «V 





1 "5333201" 1 "5642423") PN 




3 

5671287 URPN 

USPAT 

2003/12/02 16-00 


3 

("3670106" 1 "4653096" 1 "5208860") PN 

USPAT 

2003/12/02 16-02 


15 

("3962543" j "4188504" | "4218585" | "5173944" 

USPAT 

2003/12/02 17:14 



1 "5181248" 1 "5386082" ! "5438623" 1 "5452359" 





"5495534" | "5500900" j "5526429" | "5687239" 





1 "5761314" 1 "5796843" 1 "6021205") PN 




710 

emphasiz$3 with (low bass) adj frequenc$3 

USPAT; 

2003/12/02 17-20 

Mmm \m* \9 I ■ MmS \f Mm 1 # m Mm\f 




US-PGPUB: 

X^ V 1 X^l X^ mJ f 





EPO; IPO; 





DERWENT 



92 

(emDhasiz$3 with flow bass) adi freauenc$3) and (ohase 

USPAT; 

2003/12/02 18-05 



with shift$3) 

US-PGPUB* 





EPO- IPO- 





DERWENT 



3 

("5654909" 1 "5691929" 1 "5926455") PN 

USPAT 

2003/12/02 17-25 


4 

("3895321" | "4495643" | "4701717" | 

USPAT 

2003/12/02 17-32 



"4987378"). PN. 




6 

3895321 URPN 

USPAT 

2003/1 2/02 1 7*33 


5 

5654909. URPN. 

USPAT 

2003/12/02 1 7*33 


2 

("5654909" 1 "5892833") PN 

USPAT 

2003/1 2/02 1 7-35 


5 

5654909. URPN. 

USPAT 

2003/1 2/02 1 7-36 

_ 

3 

("5313494" | "5617480" | "5654909").PN. 

USPAT 

2003/12/02 17:36 


4 

("3895321" | "4495643" | "4701717" | 

USPAT 

2003/12/02 17:37 



"4987378").PN. 




20 

4495643.URPN. 

USPAT 

2003/12/02 17:38 


10 

5657391. URPN. 

USPAT 

2003/12/02 17:46 
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I "4159397" | 
' | "5173944" 
' | "5524053" 
' | "5657391" 
').PN. 


■4188504" | "4349698" 
"5216718" | "5261005" 
"5546465" | "5579396" 
"5680464" | "5727067" 


'5883962" | "5912975" 


USPAT 


USPAT 
USPAT 

USPAT 


2003/12/02 17:48 


2003/12/02 17:56 
2003/12/02 17:56 

2003/12/02 17:59 


17 


0 
5 

71 


6 

2 
23 


7 

1251 


92 


29 


2557 


686 


29 
14 
6 
15 


■374679Z" 
"5123050 
"5404406 
"5604809 
"5872851 


6507657.URPN. 
("5642427" | "5657391' 
| "6111958").PN. 

("4239936" | "4363007" | "4409435" | "4442546" 
| "4459851" | "4495643" | "4517415" | "4559642" 
| "4581758" | "4589137" | "4622692" j "4628529" 
| "4653102" | "4653606" | "4658426" | "4696043" 
| "4718096" | "4731850" j "4741038" | "4750207" 
| "4769847" | "4802227" j "4811404" | "4910718" 
| "4910719" | "4932063" | "4937871" | "4956867" 
| "4965834" | "5075694" | "5086415" | "5142585" 
| "5192918" | "5208864" | "5212764" | "5241692" 
| "5313555" | "5319736" | "5335011" | "5353376" 
| "5381473" | "5412735" | "5416845" | "5416847" 
| "5416887" | "5432859" | "5473701" | "5473702" 
| "5485515" | "5511128" | "5515378" | "5524056" 
| "5524057" | "5546090" | "5581620" | "5592181" 
| "5592490" | "5615175" | "5625697" | "5625880" 
| "5627799" | "5642353" j "5644641" | "5657393" 
| "5664021" | "5668747" | "5673325" | "5689572" 
| "5701344" | "5715319" | "5727073").PN. 
3895321. URPN. 
5325440.URPN. 
381/97.ccls. and 381/98.ccls. 


5230022.URPN. 

relative same phase same (shift$3 difference) same channels 


(relative same phase same (shift$3 difference) same channels) 
and 381/$.ccls. 


relative same phase same (shift$3 difference) same channels 
same (low bass) adj frequenc$3 


phase with (shift$3 difference) with (low bass) adj 
frequenc$3 


(phase with (shift$3 difference) with (low bass) adj 
frequenc$3) and (381/$.cds. audio sound music acoustic) 


5083224.URPN. 
5119420.URPN. 
5235646.URPN. 


("3632886" | "3708631" 
| "3864516" | "3883692" 
| "3943287" | "3944735" 
| "4891839" | "4932059" 
("5067157" | "5119420" 
"5305386").PN. 


"3746792" | "3836715" 
"3883832" | "3885099" 
"3959590" | "4704728" 
"5046098").PN. 
'5121433" I 


USPAT 

USPAT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT 

USPAT 

USPAT 

USPAT 


USPAT 


2003/12/02 17:59 
2003/12/02 18:04 
2003/12/02 18:14 


2003/12/02 18:09 
2003/12/02 18:16 


2003/12/02 18:15 


2003/12/02 18:20 


2003/12/02 18:20 


2003/12/02 18:21 


2003/12/02 18:26 
2003/12/02 18:32 
2003/12/02 18:37 
2003/12/02 18:41 


2003/12/04 16:56 
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9 4 
Z*t 

47CA740 1 lUPkl 

USPAT 

L4jrr\ i 

7007/1 7/04 1 7-7S 

- 

123 

381/97.ccls. and 381/97.ccls. 

USPAT; 
US-PGPUB; 
EPO; JPO; 
DFRWFNT 

2003/12/04 17:41 



7ft 1 /07 rrlc anH 7ft 1 /Oft rrlc 
jO 1 / 7 / .did. dllU JO 1 / 70.(.i.l3> 

USPAT* 
US-PGPUB- 
EPO; JPO; 
DERWENT 

2003/12/04 17-49 


2 

440311 2.URPN. 

USPAT 

2003/12/04 17:43 


Z 

i" , 779^^ftA" 1 "70ft4A7 c . l M PKI 

USPAT 

U JlA 1 

7007/1 2/04 1 7*44 

X. \J\J >J 1 1 X./ \J \ 1 / .11 


1 97 
1 Z J 

7ft 1 /07 rrlc 
JO 1 / 7 / .(.Lib. 

USPAT* 

u <jr a i j 

US-PGPUB; 
EPO- IPO- 
DERWENT 

2003/1 2/04 1 8*07 

- 

14 

4472834.URPN. 

USPAT 

2003/12/04 18:00 


7 

("358531 1" | "3665105" | "3992582" | "4039755" 

1 "4nA1ft7A M I "41ftAA47" I "474QAQ7"\ PN 

USPAT 

2003/12/04 18:03 

- 

412 

381/61.ccls. 

USPAT; 
US-PGPUB; 
EPO; JPO; 
nFBWFNIT 

2003/12/04 18:07 

- 

209 

381/61 .eels, and (phase same shift$3 delay$3) 

USPAT; 
US-PGPUB; 
EPO; JPO; 
OFRWFNJT 

L/Ll\V» C1N 1 

2003/12/04 18:08 

- 

100 

(381/61. eels, and (phase same shift$3 delay$3)) and (bass 
low) with frequenc$3 

USPAT; 
US-PGPUB; 
EPO; JPO; 
DFRWFNT 

2003/12/04 18:10 

- 

22 

((381/61.cds. and (phase same shift$3 delay$3)) and (bass 

\e\\Kj\ with fronnpnr^7\ anrl /five civ " -V "A'M with rhannplc 
lOW/ Willi II CLjUcIlL^ O ^ dllU \IIVC MA J O y WIU1 LlldHIIClJ 

USPAT; 
US-PGPUB- 
EPO; ]PO; 
DERWENT 

2003/12/04 18:28 


5 

("5642427" | "5657391" | "5883962" | "5912975" 

1 "A1 1 1 0^ft"\ PM 
O I I I 7 jO /.rIM. 

USPAT 

2003/12/04 18:18 

- 

2718 

phase with shift$3 with equation 

USPAT; 
US-PGPUB; 
EPO; JPO; 

LsL.IV VV C1N 1 

2003/12/04 18:28 


s 1 

fnhtaco with chiftt7 with omiatirn*^ anrl 7ft 1 /*fc rrlc 
^{JllddC W1UI MII1L<4>J W1UI CCJUdUUIiy dllU <J O 1 / 4> ■ LLId. 

USPAT* 

us-pr.piiR- 

FPO- IPO* 
DERWENT 

200"?/1 2/04 1 9*49 


A 

777707A UPPhl 

Oil 1 \J / O. L4 Ixi IN. 

USPAT 

200"?/! 2/04 1 8*"?2 


9 

7fi4S94 c < I IPPKI 

USPAT 

2007/1 2/04 1 8-77 


T 

r , 774S9 c ,9" 1 "777707A" 1 "77ft7A99'M PM 
^ j/tjijZ 1 0///\J/O | j/O/OZi. ^.riN. 

I ISPAT 

9007/19/04 18*78 


C 

J 

/HT74C9 co" 1 "771R777" 1 "770ftA71" I "7A8487 1 *" 

^ J/TJiJX, J/ 1 O / / J | J/UOOJ 1 j jUOtOJ J 

1 "3632886").PN. 

I ISPAT 
u Jr a i 

2007/1 2/04 1 8-42 

- 

2 

("3745252" | "3856992").PN. 

USPAT 

2003/12/04 18:54 


9 

3856992.URPN. 

USPAT 

2003/12/04 19:00 


4 

49^1 Aft 1 : 1 ippki 

7iJ 1 003.LiK.rlN. 

I ISPAT 

9007/19/04 1Q«4S 

- 

2635 

phase with shift$3 and "270" and "0" and "1 80" and "90" 

USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT 

2003/12/04 19:51 


28 

(phase with shift$3 and "270" and "0" and "180" and 
"90") and 381/$.ccls. 

USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT 

2003/12/04 19:56 
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173467 


317 


"90" adj degree 


"90" adj degree and "0" adj degree and "270" adj degree 
and "1 80" adj degree and phase same shift$3 


(phase with shift$3 and "270" and "0" and "180" and 
"90") and (381/$.ccls. 7??/$.cds.) 


3745254.URPN. 


USPATj 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT 

USPAT 


2003/12/04 19:55 


2003/12/04 21:33 


2003/12/04 22:20 


2003/12/04 20:00 
2003/12/04 20:22 


455 


25 
70 


26 


709 


81 


55 


2548 


27 


("3229038" | 

"3246081" | 

"3249696" | 

"3665105" 

| "3697692" 

| "3725586" 

| "3745254" 

| "3757047" 

| "3761631" 

| "3772479" 

| "3849600" 

| "3885101" 

| "3892624" 

| "3925615" 

| "3943293" 

| "4024344" 

| "4063034" 

| "4069394" 

| "4118599" 

| "4139728" 

| "4192969" 

| "4204092" 

| "4209665" 

| "4218583" 

| "4219696" 

| "4237343" 

| "4303800" 

| "4308423" 

| "4308424" 

| "4309570" 

| "4332979" 

| "4349698" 

| "4355203" 

| "4356349" 

| "4393270" 

| "4394536" 

| "4408095" 

| "4479235" 

| "4489432" 

| "4495637" 

| "4497064" 

| "4503554" 

| "4567607" 

| "4569074" 

| "4589129" 

| "4594610" 

| "4594729" 

| "4594730" 

| "4622691" 

| "46481 17" 

| "4696036" 

| "4703502" 

j "4748669" 

| "4856064" 

| "4866774" 

| "4866776" 

| "4888809" 

| "4953213" 

| "5033092" 

| "5046097" 

| "5105462" 

| "5146507" 

| "5208860" 

| "5228085" 

| "5251260" 

1 "5255326" 

1 "5325435" 

| "5371799" 

| "5533129" 

| "5572591 ").PN. 



59701 52.URPN. 

("5200709" | "5257313" | "5459790" | "5680464" 
| "5748746" | "5970152" | "6009179" | 
"6122382").PN. 

("90" adj degree and "0" adj degree and "270" adj degree 
and "180" adj degree and phase same shift$3) and 
(381/$.ccls. 7??/$.ccls.) 

("90" and "0" and "270" and "180" ) same degree and 
phase same shift$3 


(("90" and "0" and "270" and "1 80" ) same degree and 
phase same shift$3) and (381/$.ccls. 7??/$.ccls.) 


((("90" and "0" and "270" and "180" ) same degree and 
phase same shift$3) and (381/$.ccls. 7??/$.ccls.)) not 
(("90" adj degree and "0" adj degree and "270" adj degree 
and " 1 80" adj degree and phase same shift$3) and 
(381/$.ccls. 7??/$.ccls.)) 
frequency adj spacing 


(frequency adj spacing) and (all-pass allpass) with filter 


USPAT 
USPAT 


USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT 
USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT 


2003/12/04 20:42 
2003/12/04 20:44 


2003/12/04 21:34 


2003/12/04 21:34 


2003/12/04 21:35 


2003/12/04 21:39 


2003/12/04 21:39 


2003/12/04 22:22 
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(frequency adj spacing) and (pass) with niter 


((frequency adj spacing) and (pass) with filter) and 
(381/$.ccls. 7??/$.ccls.) 


(frequency adj spacing) and (all-pass allpass all? adj pass) with 
filter 


( all? adj pass) with filter 


USPAT; 

US-PGPUB; 

EPO; ]PO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT 

USPAT 


7003/12/04 22:20 


2003/12/04 22:21 


2003/12/04 22:23 


2003/12/04 22:23 


2003/12/14 21:55 
2003/12/14 22:01 


~89T 


122 


27 


24 
59 


47 


133 


11 


18 


2 
35 


4356349.URPN. 


("Re25652" 
"3238304" 
"4068093" 
"4192969" 
"4218585" 
"4394537" 
"4696035" 
"4893342" 
"4975954" 
"5095507" 
"5208493" 
"5381482" 
"5420929" 
"5524053" 
"5579396" 


| "3170991" 
"3249696" 
"4118599" 
"4199658" 
"4309570" 
"4567607" 
"4700389" 
"4908858" 
"5034983" 
"5095787" 
"5301236" 
"5384851" 
"5436975" 
"5533129" 
"5581618" 


"3219757" 
"3892624" 
"4139728" 
"4208546" 
"4356349" 
"4603429" 
"4706287" 
"4910778" 
"5052685" 
"5136651" 
"5319713" 
"5412732" 
"5440639" 
"5546465" 
"5598478") 


| "3236949" 
"4039755" 
"4159397" 
"4209665" 
"4388494" 
"4625326" 
"4782530" 
"4910779" 
"5056149" 
"5173944" 
"5333200" 
"5418856" 
"5517570" 
"5553149" 

PN. 


all adj pass with low adj frequenc$3 


all-pass with low adj frequenc$3 


gnesinger.m. 


"griesinger, david".in. 


"klayman".in. and 381/$.ccb. 


5892830.URPN. 


1616639" 
"2315249' 
"4045748' 
"4698842' 
"4836329' 
"5177329' 
"5359665' 
"5668885' 
"5850453' 


'1951669" 

"2461344" 

"4118600" 

"4748669" 

"4841572" 

"5251260" 

"5459813" 

"5771295" 

"5872851" 


"21 13976" 
"3398810' 
"4182930' 
"4790014' 
"4866774' 
"5319713' 
"5638452' 
"5771296' 
"5930373' 


"2315248" 
"3612211" 
"4481662" 
"4819269" 
"5067157" 
"5333201" 
"5661808" 
"5784468" 

PN. 


USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT 

USPAT 


2003/12/14 22:15 


2003/12/14 22:24 


2003/12/14 22:24 


2003/12/14 23:06 


2003/12/14 23:24 


2003/12/14 23:10 
2003/12/14 23:11 
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("2093540" | "2836662" | "2845491" | "3236949" 

| "3560656" | "3892624" | "3970787" | "4027101" 

| "4058675" | "4069394" | "4139728" | "4149036" 

| "4159397" | "4218585").PN. 

5230022.URPN. 

4356349.URPN. 

low adj frequency adj enhanc$5 


(low adj frequency adj enhanc$5) and low adj pass 


2003/12/14 23:11 


2003/12/14 23:21 
2003/12/14 23:22 
2003/12/14 23:24 


2003/12/14 23:37 


2003/12/14 23:28 
2003/12/14 23:29 


T4 


7 
24 
67 


11 


30 
61 


19 


186 


100 


421 8585. URPN. 



(•'3170991" | 

"3246081" | 

"3249696" | 

"3665105" 

| "3697692" 

| "3725586" 

| "3745254" 

| "3757047" 

| "3761631" 

| "3772479" 

"3849600" 

| "3885101" 

| "3892624" 

| "3943293" 

"4024344" 

| "4063034" 

| "4069394" 

| "4118599" 

"4139728" 

"4192969" 

| "4218585" 

| "4219696" 

"4237343" 

| "4239937" 

| "4303800" 

| "4308423" 

"4308424" 

| "4309570" 

| "4332979' 5 - 

| "4349698" 

M355203" 

| tt 4356349" 

| "4393270" 

| "4394536" 

"4408095" 

| "4479235" 

| "4489432" 

| "4495637" 

"4497064" 

j "4503554" 

| "4567607" 

| "4569074" 

"4589129" 

| "4594610" 

| "4594730" 

| "4748669" 

"4856064" 

| "4866774" 

| "4953213" 

| "5046097" 

"5105462" 

"5208860" 

| "5251260" 

| "5255326" 

"5319713" 

"5400405" 

1 "5533129" 

1 "5661808" 

"5692050" 

"5850454" 

| "5883962").PN. 




(creat$3 generat$3 establish $3 making) with low adj 
frequency adj (channel signal) near6 low adj pass 


4251685.pn. 


4910779.pn. 


shift$4 with limited with frequenc$3 with range 


shift$ 4 with limited with frequenc$3 near2 range 


(shi(t$4 with limited with frequenc$3 near2 range) and 
(381/$.ccls) 


(shift$ 4 with limited with frequenc$3 near2 range) and 
(181/$.ccls) 


U5PAT 


USPAT 

USPAT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT 

USPAT 


USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 


2003/12/15 10:26 


2003/12/15 10:26 


2003/12/15 10:26 


2004/06/28 13:33 


2004/06/28 13:33 


2004/06/28 13:34 


2004/06/28 13:34 
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(shift$4 with limited with frequenc$i nearZ range) and 
(381/$.ccls.) 


2004/06/28 1i:34 


2004/06/28 14:11 
2004/06/28 14:15 


26 
59 


70 


6 

143 
14 


143 


63 


10 


4356349.URPN. 
("Re25652" | "3170991" 
"3238304" | "3249696" 
"4068093" | "4118599" 
"4192969" | "4199658" 
"4218585" | "4309570" 
"4394537" | "4567607" 
"4696035" | "4700389" 
"4893342" | "4908858" 
"4975954" | "5034983" 
"5095507" | "5095787" 
"5208493" | "5301236" 
"5381482" | "5384851" 
"5420929" | "5436975" 
"5524053" | "5533129" 
"5579396" | "5581618" 
("3170991" | "3229038" 
| "3725586" | "3772479 
| "3911220" | "3916104 
| "3944748" j "3989897 
| "4030342" | "4063034 
| "4087629" | "4087631 
| "4135158" | "4139728 
| "4152542" | "4162457 
| "4192969" | "4204092 
| "4214267" | "4218585 
| "4239939" | "4251688 
| "4308423" | "4308426 
| "4329544" | "4334740 
| "4355203" | "4356349 
| "4394536" | "4394537 
| "4495637" | "4503554 
| "4551770" | "4553176 
| "4599611" | "4683496 
("3539729" | "3673342" 
| "3786193" | "3823268 
381/10.ccls.\ 


'3219757" 
3892624" 
4139728" 
4208546" 
4356349" 
4603429" 
4706287" 
4910778" 
5052685" 
5136651" 
5319713" 
5412732" 
5440639" 
5546465" 


"3236949" | 

"4039755" 

"41 59397" 

"4209665" 

"4388494" 

"4625326" 

"4782530" 

"4910779" 

"5056149" 

"5173944" 

"5333200" 

"5418856" 

"5517570" 

"5553149" 


5598478").PN. 
"3238304" I "3246081" 


"3860951" 
"3925615" 
"4024344" 
"4069394" 
"4097689" 
"4149031" 
"4185239" 
"4208546" 
"4219696" 
"4268915" 


"3883692" 
"3943293" 
"4027101" 
"4085291" 
"4118599" 
"4149036" 
"4188504" 
"4209665" 
"4239937" 
"4303800" 


"4309570" | "4316058" 
"4349698" | "4352953" 
"4388494" | "4393270" 
"4446488" | "4489432" 
"4546389" | "4549228" 
"4562487" | "4567607" 
).PN. 

| "3745254" | "3753159" 
).PN. 


381/1 0.ccls. and phase near3 shift$3 


("3943293" | "4039755" | "41 98543" 

"4221928").PN. 

381/10.ccls. 


381/97.ccls. and (low bass) near3 frequenc$3 


("4356349" | "4403112" | "4590248" | "4623708" 
| "4841572" | "5033092" | "5172415" | "5233665" 
I "5301237" I "5339363").PN. 


USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT 

USPAT 


USPAT 


USPAT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT 


2004/06/28 14:38 


2004/06/28 15:49 
2004/06/28 16:50 

2004/06/28 16:51 

2004/06/28 16:58 
2004/06/28 17:14 

2004/06/28 17:16 

2004/06/28 17:22 
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459 

downmix$3 down adj (mix mixes mixing mixer mixs) and 
(low adj (pass frequenc$3)) 

USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT 

2004/06/29 11:04 


2 

6683962.pn. 

USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT 

2004/06/30 10:44 


196 

griesinger.in. 

USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT 

2004/06/30 10:44 

- 

21 

griesinger.in. and (Dave david).in. 

USPAT; 
US-PGPUB; 
EPO- IPO- 

DERWENT 

2004/06/30 11:09 


10 

("4356349" | "4403112" | "4590248" | "4623708" 
| "4841572" | "5033092" | "5172415" | "5233665" 
| "5301237" | "5339363").PN. 

USPAT 

2004/06/30 10:58 


26 

4356349. URPN. 

USPAT 

2004/06/30 1 1 -02 


343 

(dual pair two) with (low adj frequency sub adj woofer 
subwoofer)with $4speakers 

USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT 

2004/06/30 11:11 


213 

((dual pair two) with (low adj frequency sub adj woofer 
subwoofer)with $4speakers) and 381/$.ccls. 

USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT 

2004/06/30 11:12 


1823 

downmix$3 down adj (mix mixes mixing mixer mixs) 

USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT 

L* IX IT bli 1 

2004/06/30 11:13 


5 

(((dual oair two) with (low adi freauencv sub adi woofer 
subwoofer^with $4soeakers) and 381/$ eels ) and 
(downmix$!5 down adi (mix mixes mixin? mixer mixs) ) 

USPAT; 
US-PGPUB- 
EPO- IPO* 
DERWENT 

2004/06/30 11:17 


0 

66 8 3962. URPN. 

USPAT 

2004/06/30 11:15 


0 

6683962. URPN. 

USPAT 

2004/06/30 11:15 


0 

66 8 3962. URPN. 

USPAT 

2004/06/30 11:16 

■ 

0 

((dual pair two) with (low adj frequency sub adj woofer 
subwoofer)with $4speakers) and (downmix$3 down adj (mix 
mixes mixing mixer mixs) ) not ((((dual pair two) with (low 
adj frequency sub adj woofer subwoofer)with $4speakers) 
and 381/$, eels,) and (downmix$3 down adj (mix mixes 
mixing mixer mixs) )) not (((dual pair two) with (low adj 
frequency sub adj woofer subwoofer)with $4speakers) and 
381/$.cds.) 

USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT 

2004/06/30 11:17 


0 

((dual pair two) with (low adj frequency sub adj woofer 
subwoofer)with $4speakers) and (downmix$3 down adj (mix 
mixes mixing mixer mixs) ) not (((dual pair two) with (low 
adj frequency sub adj woofer subwoofer)with $4speakers) 
and 381/$ eels ) 

USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT 

2004/06/30 11-17 


5 

((dual pair two) with (low adj frequency sub adj woofer 
subwoofer)with $4speakers) and (downmix$3 down adj (mix 
mixes mixing mixer mixs) ) 

USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT 

2004/06/30 11:17 


14173 

relative with phase with shift$3 

USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT 

2004/06/30 11:18 
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14173 


834 


237388 


17 


11 


relative with phase with shift$2 


relative with phase with shift$3 with (combin$3 sum sums 
summing) 


low adj (frequency pass) bass 


(relative with phase with shift$3 with (combin$3 sum sums 
summing)) with (low adj (frequency pass) bass) 


(relative with phase with shift$3 with (combin$3 sum sums 
summing)) same (low adj (frequency pass) bass) not ((relative 
with phase with shift$3 with (combin$3 sum sums summing)) 
with (low adj (frequency pass) bass)) 
relative with phase with shift$3 with (combin$3 sum sums 
summing) and (sub adj woofer LFE subwoofer low adj 
frequency adj $4speaker) 

("2846504'' | "3088997" | "3863028" | "3970787" 
| "4088849" | "4119798" | "4209665" | "4218585" 
| "4251688" | "4308424" | "4589128" | "5033086" 
| "5181248" | "5371799" | "5386082" | "5438623" 
| "5459790" | "5546465" | "5579396" | "5598478" 
| "5638343" | "5661812" | "5742689").PN. 
enhanc$5 with (low adj frequenc$3 bass) 


enhanc$5 with (low adj frequenc$3 bass) and (adder 
summing summation sum sums summer adding combin$5) 


(enhanc$5 with (low adj frequenc$3 bass) and (adder 
summing summation sum sums summer adding combin$5)) 
and 381/$.ccls. 

(enhanc$5 with (low adj frequenc$3 bass) and (adder 
summing summation sum sums summer adding combin$5)) 
and 381/$.ccls. and low adj pass 

("5768394" | "6009179" | "6067361" | "6122381" 
| "6332026").PN. 

("4154979" | "5111508" | "5172415" | "5251260" 
| "5384855" | "5506907" | "5546465" | 
"5621489").PN. 

relative with phase with shift$3 same (combin$3 sum sums 
summing) and (sub adj woofer LFE subwoofer low adj 
frequency adj $4speaker) 

adder summing summation sum sums summer adding 
combin$5 


USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT 


2004/06/30 1 1 :24 


2004/06/30 11:33 


2004/06/30 13:13 


2004/06/30 11:30 


2004/06/30 1 1 :30 


2004/06/30 12:00 


2004/06/30 11:36 


23 


2603 

1782 

334 

146 

5 
8 


3742305 


USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT 

USPAT 


USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT 
USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT 


2004/06/30 1 1 :37 

2004/06/30 12:01 

2004/06/30 1 1 :42 

2004/06/30 1 1 :42 

2004/06/30 1 1 :57 
2004/06/30 1 1 :58 

2004/06/30 12:01 
2004/06/30 12:01 
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relative with phase with shift$ 3 same (adder summing 
summation sum sums summer adding combin$5) and (sub 
adj woofer LFE subwoofer low adj frequency adj $4speaker) 
not (relative with phase with shift$3 with (combin$3 sum 
sums summing) and (sub adj woofer LFE subwoofer low adj 
frequency adj $4speaker)) 
first adj low adj pass and second adj low pass 


first adj low adj pass and second adj low adj pass 


first adj low adj pass and second adj low adj pass and (adder 
summing summation sum sums summer adding combin$5) 


first adj low adj pass and second adj low adj pass and (adder 
summing summation sum sums summer adding combin$5) 
and 381/$.ccls. 

low adj (frequency) bass 


(first adj low adj pass and second adj low adj pass and (adder 
summing summation sum sums summer adding combin$5) 
and 381/$.ccls.) AND81 

(first adj low adj pass and second adj low adj pass and (adder 
summing summation sum sums summer adding combin$5) 
and 381/$.ccls.) AND (low adj (frequency) bass) 

(two pair) near2 (low adj frequenc$3 adj $speaker 
subwoofer sub adj woofer) 


(two pair dual) near2 (low adj frequenc$3 adj $speaker 
subwoofer sub adj woofer) 


(two pair dual) near2 (low adj frequenc$3 adj $4speaker 
subwoofer sub adj woofer) 


USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT 


USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT 


USPAT 
USPAT 


USPAT 

USPAT 

USPAT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 


2004/06/30 13:12 


2092425 


2250 


1717 


93 


1 50740 


100 


57 


90 


96 


96 


11 


18 
16 


("D233763" | "1586659" | 
| "2192959" | "2390834" 
| "3657480" | "3867996" 
4230905.URPN. 
("2110358" | "3005873" | 
| "3989908" | "3991370" 
| "4163119" | "4230905" 
| "4382157" | "4475233" 
"4581589").PN. 
4905284.URPN. 
("4118599" | "4905284" | 
("4118599" | "4905284" | 
wo-919207.pn. 


"2093076" | "2179840" 
| "3135830" | "3478167" 
| "3947635").PN. 

"3125181" | "3947635" 
| "4035589" | "4048573" 
| "4260954" | "4327250" 
| "4481660" | 


"4933768").PN. 
"4933768").PN. 


2004/06/30 13:12 


2004/06/30 13:12 


2004/06/30 13:13 


2004/06/30 13:14 


2004/06/30 13:14 


2004/06/30 13:14 


2004/06/30 13:19 


2004/06/30 13:20 


2004/06/30 13:21 


2004/06/30 15:41 


2004/06/30 13:24 


2004/06/30 13:25 
2004/06/30 13:26 


2004/06/30 15:14 
2004/06/30 15:17 
2004/06/30 15:18 
2004/06/30 15:41 
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n 

V 

wn-01 09O7-41 did 

U5PAT; 

2004/06/30 15-42 




US-PGPUB- 





EPO- IPO- 





DERWENT 



o 

wn-09 19207-$ did 

USPAT; 

2004/06/30 15-42 




US-PGPUB- 





EPO: IPO: 





DERWENT 

L/LI\Tt LIN 1 



o 

V/ 

wn-091 9407-$ did 

VVU w7 1 7 IV / <p*UIU* 

USPAT; 

2004/06/30 15-42 




US-PGPUB- 





EPO- IPO- 





DERWENT 



n 

wn-91 9407-$ did 

USPAT- 

2004/06/30 1 5-42 




US-PGPUB* 





EPO- IPO* 





DERWENT 



9 

z. 

62401 89 URPK1 

USPAT 

2004/06/30 15-44 


25 

("4802 119" I "4991217" 1 "5193204" 1 "5206884" 

USPAT 

2004/06/30 15-53 



1 "5222081" I "5235671" 1 "5374916" 1 "5436900" 





1 "5467087" 1 "5491771" 1 "5497373" 1 "5553063" 

j J~\J i \J \J 1 1 Jir lift «J I 7 / «J / «J I J J tj <J\J\J *J 





| "5553271" | "5594560" | "5652903" | "5761516" 





1 "5768613" 1 "5784544" 1 "5832120" I "5835375" 





1 "6081783" I "6108430" 1 "6181796" I "6205223" 





1 "62401 89'M PN 




n 

ah-3043?5-$ did 

USPAT- 

2004/06/30 17-10 



US-PGPUB* 





EPO- IPO- 





DERWENT 



821 

filtpr with fartnr with "16" 

USPAT- 

2004/06/30 17-10 




US-PGPUB- 





EPO- IPO- 





DERWENT 



77 

ffiltpr with fartnr with "1 6'M and 381 /$ rrU 

\ 111 LCI WIUI IdlUJI WIUl IV } dllU JO 1/ fiLUji 

USPAT- 

2004/06/30 17-16 




US-PGPUB- 





EPO- IPO- 





DERWENT 



1 

(filter with factor with "16") and 1 81/$.ccls. 

USPAT; 

2004/06/30 17:17 




US-PGPUB; 





EPO; JPO; 





DERWENT 
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22925 | (6683962. pn. griesinger.in. (griesinger.in. and (Dave 

david).in.) (("4356349" | "4403112" | "4590248" | 
"4623708" | "4841572" | "5033092" | "5172415" | 
"5233665" | "5301237" | "5339363").PN.) 
4356349. URPN. ((dual pair two) with (low adj frequency 
sub adj woofer subwooferjwith $4speakers) (((dual pair two) 
with (low adj frequency sub adj woofer subwoofer)with 
$4speakers) and 381/$.ccls.) (downmix$3 down adj (mix 
mixes mixing mixer mixs) ) ((((dual pair two) with (low adj 
frequency sub adj woofer subwoofer)with $4speakers) and 
381/$.ccls.) and (downmix$3 down adj (mix mixes mixing 
mixer mixs) )) 6683962. URPN. 6683962.URPN. 
6683962. URPN. (((dual pair two) with (low adj frequency 
sub adj woofer subwooferjwith $4speakers) and (downmix$3 
down adj (mix mixes mixing mixer mixs) ) not ((((dual pair 
two) with (low adj frequency sub adj woofer subwooferjwith 
$4speakers) and 381/$.ccls.) and (downmix$3 down adj 
(mix mixes mixing mixer mixs) )) not (((dual pair two) with 
(low adj frequency sub adj woofer subwooferjwith 
$4speakers) and 381/$.ccls.)) (((dual pair two) with (low 
adj frequency sub adj woofer subwooferjwith $4speakers) 
and (downmix$3 down adj (mix mixes mixing mixer mixs) ) 
not (((dual pair two) with (low adj frequency sub adj woofer 
subwoofer)with $4speakers) and 381/$.ccls.)) (((dual pair 
two) with (low adj frequency sub adj woofer subwooferjwith 
$4speakers) and (downmix$3 down adj (mix mixes mixing 
mixer mixs) )) (relative with phase with shift$3) (relative with 
phase with shift$3 ) (relative with phase with shift$3 with 
(combin$3 sum sums summing)) (low adj (frequency pass) 
bass) ((relative with phase with shift$3 with (combin$3 sum 
sums summing)) with (low adj (frequency pass) bass)) 
((relative with phase with shift$3 with (combin$3 sum sums 
summing)) same (low adj (frequency pass) bass) not ((relative 
with phase with shift$3 with (combin$3 sum sums summing)) 
with (low adj (frequency pass) bass))) (relative with phase 
with shift$ 3 with (combin$3 sum sums summing) and (sub 
adj woofer LFE subwoofer low adj frequency adj $4speaker)) 
(("2846504" | "3088997" | "3863028" | "3970787" 
| "4088849" | "4119798" | "4209665" | "4218585" 
| "4251688" | "4308424" | "4589128" | "5033086" 
| "5181248" | "5371799" | "5386082" | "5438623" 
| "5459790" | "5546465" | "5579396" | "5598478" 
| "5638343" | "5661812" | "5742689").PN.) 
(enhanc$5 with (low adj frequenc$3 bass)) (enhanc$5 with 
(low adj frequenc$3 bass) and (adder summing summation 
sum sums summer adding combin$5)) ((enhanc$5 with (low 
adj frequenc$3 bass) and (adder summing summation sum 
sums summer adding combin$5)) and 381/$.ccls.)) and 
harmonics 


USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT 


2004/06/30 17:33 
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(6683962. pn. griesinger.in. (griesinger.in. and (Dave 
david).in.) (("4356349" | "4403112" | "4590248" | 
"4623708" | "4841572" | "5033092" | "5172415" | 
"5233665" | "5301237" | "5339363").PN.) 
4356349.URPN. ((dual pair two) with (low adj frequency 
sub adj woofer subwooferjwith $4speakers) (((dual pair two) 
with (low adj frequency sub adj woofer subwoofer)with 
$4speakers) and 381/$.ccls.) (downmix$3 down adj (mix 
mixes mixing mixer mixs) ) ((((dual pair two) with (low adj 
frequency sub adj woofer subwooferjwith $4speakers) and 
381/$.ccls.) and (downmix$3 down adj (mix mixes mixing 
mixer mixs) )) 6683962.URPN. 6683962.URPN. 
6683962. URPN. (((dual pair two) with (low adj frequency 
sub adj woofer subwoofer)with $4speakers) and (downmix$3 
down adj (mix mixes mixing mixer mixs) ) not ((((dual pair 
two) with (low adj frequency sub adj woofer subwoofer)with 
$4speakers) and 381/$.ccls.) and (downmix$3 down adj 
(mix mixes mixing mixer mixs) )) not (((dual pair two) with 
(low adj frequency sub adj woofer subwoofer)with 
$4speakers) and 381/$.ccls.)) (((dual pair two) with (low 
adj frequency sub adj woofer subwoofer)with $4speakers) 
and (downmix$3 down adj (mix mixes mixing mixer mixs) ) 
not (((dual pair two) with (low adj frequency sub adj woofer 
subwoofer)with $4speakers) and 381/$.ccls.)) (((dual pair 
two) with (low adj frequency sub adj woofer subwoofer)with 
$4speakers) and (downmix$3 down adj (mix mixes mixing 
mixer mixs) )) (relative with phase with shift$3) (relative with 
phase with shift$3 ) (relative with phase with shift$3 with 
(combin$3 sum sums summing)) ((relative with phase with 
shift$ 3 with (combin$3 sum sums summing)) with (low adj 
(frequency pass) bass)) ((relative with phase with shift$3 with 
(combin$3 sum sums summing)) same (low adj (frequency 
pass) bass) not ((relative with phase with shift$3 with 
(combin$3 sum sums summing)) with (low adj (frequency 
pass) bass))) (relative with phase with shift$3 with 
(combin$3 sum sums summing) and (sub adj woofer LFE 
subwoofer low adj frequency adj $4speaker)) (("2846504" 
| "3088997" | "3863028" | "3970787" | "4088849" 
| "4119798" | "4209665" | "4218585" | "4251688" 
| "4308424" | "4589128" | "5033086" | "5181248" 
| "5371799" | "5386082" | "5438623" | "5459790" 
| "5546465" | "5579396" | "5598478" | "5638343" 
| "5661812" | "5742689").PN.) (enhanc$5 with (low 
adj frequenc$3 bass)) (enhanc$5 with (low adj frequenc$3 
bass) and (adder summing summation sum sums summer 
adding combin$5)) ((enhanc$5 with (low adj frequenc$3 
bass) and (adder summing summation sum sums summer 
adding combin$5)) and 381/$.ccls.)) and harmonics 
(((enhanc$5 with (low adj frequenc$3 bass) and (adder 
summing summation sum sums summer adding combin$5)) 
and 381/$.ccls.) ((enhanc$5 with (low adj frequenc$3 bass) 
and (adder summing summation sum sums summer adding 
combin$5)) and 381/$.ccls. and low adj pass)) and 
harmonics 

((first adj low adj pass and second adj low adj pass and (adder 
summing summation sum sums summer adding combin$5) 
and 381/$.ccls.)) and harmonics 

(((first adj low adj pass and second adj low adj pass and 
(adder summing summation sum sums summer adding 
combin$5) and 381/$.ccls.) AND (low adj (frequency) 
bass))) and harmonics 


2004/06/30 17:34 


2491 


78 


23 


17 


USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT 


USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT 


USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT 
USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT 


2004/06/30 17:36 


2004/07/02 13:15 


2004/07/01 10:31 
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4 
93 
22 


("4220160" | "4594731" | "4698842" | 

"4821327").PN. 

5247380.pn. 5027433.pn. 


((first adj low adj pass and second adj low adj pass and (adder 
summing summation sum sums summer adding combin$5) 
and 381/$.ccls.)) 

((first adj low adj pass same second adj low adj pass same 
(adder summing summation sum sums summer adding 
combin$5) and 381/$.ccls.)) 

("4220160" | "4594731" | "4698842" | "4790014" 
| "4790018" | "4821327" | "5574791 ").PN. 
("5654909" | "5892833").PN. 
("3895321" | "4495643" | "4701717" | 
"4987378").PN. 

deriv$4 with (low with frequency bass) 


deriv$4 with (low with frequency bass) with channel 


deriv$4 with (low with frequency bass) with channel same 
(low adj pass lowpass) 


deriv$4 with (low with frequency bass) with channel with 
(low adj pass lowpass) 


("4053711" | "5263086").PN. 

creat$4 with (low with frequency bass) with channel with 

(low adj pass lowpass) 


470901 4.pn. 


479001 4.pn. 


("3213180" | "3535969" | "4182930" | 
"4698842").PN. 

pair with low adj pass with left with right 


("3094587" | "3397286" | "3944748" | 
"4230905 ").PN. 
4408095. URPN. 

("3668532" | "4182930" | "4408095" | "4841 573' 
| "4982435" | "4984273").PN. 
("4024344" | "4503554").PN. 
("3195067" | "3222455" | "3956709" | 
"4221006").PN. 


TI5PAT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT 

USPAT 
USPAT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT; 

US-PGPUB; 

EPO; JPO; 

DERWENT 

USPAT 

USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT 
USPAT 

USPAT 
USPAT 

USPAT 
USPAT 


2004/06/30 1 7:3F~ 
2004/07/01 10:31 

2004/07/02 13:19 

2004/07/02 15:02 

2004/07/02 13:21 

2004/07/02 13:23 
2004/07/02 13:24 

2004/07/02 1 3:26 
2004/07/02 13:26 
2004/07/02 13:26 
2004/07/02 13:29 


2004/07/02 13:27 
2004/07/02 1 3:32 


2004/07/02 13:32 

2004/07/02 13:33 

2004/07/02 13:32 
2004/07/02 13:47 

2004/07/02 13:35 

2004/07/02 1 3:36 
2004/07/02 13:37 

2004/07/02 1 3:38 
2004/07/02 13:40 


2 
4 

3948 


166 


54 


52 


2 
30 


4 

27 


26 
6 

2 
4 
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"3697692" | 
"3772479" 
"4024344" 
"4219696" 
"4309570" 
"4356349" 
"4479235" 
"4503554" 
"4594610" 
"4648117" 
"4856064" 
"4953213" 
"5146507" 
"5251260" 
"5386082" 

PN. 

with difference 


'3745254" 

"3849600" 

"4204092" 

"4237343" 

"4329544" 

"4393270" 

"4489432" 

"4567607" 

"4594729" 

"4696036" 

"4866774" 

"5033092" 

"5180990" 

"5255326" 

"5420929" 


USPAT 


2004/07/02 13:43 


62 


626 


2118 


451 


51 


1 
4 

1013 


88 


76 


61 


61 


13 


3760 


( ,, 3Z29038" | 
| "3757047" 
| "3885101" 
| "4209665" 
j "4308423" 
| "4332979" 
| "4394536" 
| "4495637" 
| "4569074" 
| "4594730" 
| "4703502" 
| "4866776" 
| "5046097" 
| "5208860" 
| "5325435" 
I "5533129" 


"3665105" | 
"3761631" 
"3925615" 
"4218583" 
"4308424" 
"4355203" 
"4408095" 
"4497064" 
"4589129" 
"4622691" 
"4748669" 
"4888809" 
"5105462" 
"5228085" 
"5371799" 
"5661808") 


(low adj pass lowpass) with sum 


(low adj pass lowpass) same (sum same difference) 


(low adj pass lowpass) same (sum same difference) same first 
same second 


((low adj pass lowpass) same (sum same difference) same first 
same second) and 381/$.ccls. 
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different downmixing circuits. One example is described in 
U.S. patent application Ser. No. . Combining cir- 
cuitry 23 and 28 may have a plurality of cascaded stages for 
combining the signals input at the input terminals. 

[0023] .Referring to FIG. 2b, there is shown another 
embodiment of the invention, for combining three or more 
signals, which may represent three or more channels. The 
signals are input at input terminals 12-1 . . . 12-n. Phase 
shifting circuitry 18 shifts the phase of each signal, so that 
the relative phase of the signal input at an input terminal is 
shifted relative to that of the other signals. The relative phase 
shifts can be nonuniform or uniform according to a pattern, 
for example, by shifting each channel by i360/n degrees 
(where i=0 to n-1, or i=l to n). Care should be taken so that 
if a relative shift of greater than 120 degrees and less than 
240 degrees occurs between two channels, it should occur 
only between channels that are unlikely to have correlated 
and in-phase content. Typically, diagonal channel pairs (left 
surround/right front, and right surround/left front) are 
unlikely to have correlated and in-phase content. One way of 
implementing the phase shifting circuitry of FIG. 2b is to 
apply individual phase shifting elements 19-1 .. . 19-n, such 
as all-pass filters as will be discussed below. 

[0024] Referring now to FIGS. 3a-3d, there are shown 
four block diagrams of four audio signal, processing circuits 
implementing the combining circuit of FIG. 1 and showing 
an additional feature of the invention. In the implementa- 
tions of FIGS. 3a and 3c, combining circuit 10 has addi- 
tionally one or more low-pass filters 42 and may have 
equalizers 40 coupling the output terminals 20', 44, 46, 52, 
54 with the other portions of the circuitry. Two low-pass 
filters 42 may be placed so that they couple input terminals 
12 and 14 with phase shifting circuitry 18, respectively (as 
shown in FIGS. 3a and 3b), or one low pass filter may be 
placed so that it couples output of summer 16 with output 
terminal 20 (as shown in FIGS. 3c and 3d). Low-pass filters 
42 operate so that the audio signals at output terminal 20 
contain only spectral components in the bass frequency 
range. The placement and purpose of the equalizer 40 will be 
discussed below. In the implementations of FIGS. 3a and 
3d, the combining circuit 10 is implemented in an audio 
system having two high frequency channel output terminals 
44 and 46 and a bass output terminal 20'. The high frequency 
output terminals 44 and 46 are coupled to input terminals 12 
and 14 by high pass filters 48 and 50. The implementations 
of FIGS. 3a and 3d are typical of a satellite system, in which 
the low frequency sounds from all channels are radiated 
from a nonlocalizable module, and in which the high fre- 
quency sounds are radiated from a plurality of upper fre- 
quency radiators. 

[0025] In the implementations of FIGS. 3b and 3c, the 
combining circuit 10 is implemented in an audio system 
having two output terminals 52 and 54 to which full range 
speakers are coupled. In FIGS. 3b and 3c, the inputs of 
summers 56 and 58 are coupled to input terminals 12 and 14 
by high -pass filters 48 and 50, respectively. The inputs of 
summers 56 and 58 are also coupled to output terminal 20, 
and the output of summers 56 and 58 are coupled to full 
range output terminals 52 and 54. The result is that audio 
signals at terminals 52 and 54 include the bass spectral 
components, phase shifted and combined, and the high 
frequency portions of the channels input at input terminals 


12 and 14. The implementations of FIGS. 3b and 3c are 
typical of audio systems employing a plurality of fill range 
speakers. 

[0026] To improve frequency response, equalizers 40 may 
be employed to adjust the frequency response. In the imple- 
mentations of FIGS. 3a and 3d, there may be equalizers 40 
coupling input terminals 12 and 14 with output terminals 44 
and 46 respectively, and an equalizer 40 coupling summer 
16 and bass output terminal 20'. In the implementations of 
FIGS. 3b and 3c, there may be equalizers 40 coupling input 
terminals 12 and 14 with summers 56 and 58 respectively, 
and an equalizer 40 coupling summer 16 and combining 
circuit output terminal 20. Alternatively, in the implemen- 
tations of FIGS. 3b and 3c, the three equalizers may be 
replaced by two equalizers coupling summers 56 and 58 
with output terminals 52 and 54, respectively. 

[0027] In the systems of FIGS. 3a-3d, the signal summing 
or combining at summers 16 may be additive or differential. 
Additive and differential summation may give different 
results, especially if the signals contain "surround" infor- 
mation encoded using some popular techniques. Generally, 
differential summation works well in all circumstances, 
while additive summation may work less well. 

[0028] Referring now to FIGS. 4a and 46, there is shown 
a schematic diagram of the signal processing portion of a test 
circuit for illustrating some of the features of the invention. 
The circuit of FIGS. 4a and 4b implements a system having 
the topology of FIG. 3c, with a single equalizer 40 coupling 
summer 16 and low pass filter 42. In FIGS. 4a and 4b, the 
reference numerals refer to portions of the circuit which 
implement the blocks of FIG. 3c. 

[0029] Referring now to FIG. 5a, there is shown a plot of 
phase shift versus frequency for the circuit of FIGS. 4a and 
4b. Curve 76 represents the amount by which the audio 
signal input at input terminal 12 is shifted by phase shifting 
circuitry 18. Curve 78 represents the amount by which the 
audio signal input at input terminal 14 is shifted by phase 
shifting circuitry 18. Curve 80 represents the phase shift 
difference between curves 76 and 78, or in other words the 
relative phase shift imparted by the circuit of FIGS. 4a and 
4b. 

[0030] In a two-channel system, or in a system in which 
channels have been downmixed as in the embodiment of 
FIG. 2a, the phase shift difference is preferably 60 to 120 
degrees over the frequency range of interest. A phase shift 
difference of 120 degrees or greater may cause attenuation 
if the channels were initially in phase. A phase shift differ- 
ence of 60 degrees or less may not alleviate the signal 
cancellation problem if the channels were initially out of 
phase. Generally it is desirable to have signals in the 
frequency range of interest to be relatively phase shifted by 
between 60 and 120 degrees, and to have most in the 
frequency range relatively shifted by close to 90 degrees. 

[0031] The plot of FIG. 5a illustrates the principle that 
some implementations of the invention, such as the circuit of 
FIGS. 4a and 4b which employ single stage all-pass filters, 
do not create the same phase shift difference over the entire 
frequency band of interest. According to this plot, the circuit 
of FIGS. 4a and 4b creates a phase shift difference of 
between 60 and 120 degrees in the frequency range of about 
20 Hz to about 500 Hz, with a maximum phase shift of about 
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110 degrees at about 90 Hz, and causes a phase shift 
difference of different amounts, down to nearly zero degrees 
at other frequencies. This property of a circuit shifting the 
frequency by zero degrees at some frequencies can be used 
to advantage in some situations, such as the embodiment of 
FIG. 8a I below. 

[0032] A 90-degree phase shift has an especially desirable 
property, namely producing a similar boost in the output, 
regardless of the phase and correlation relationship of the 
input signals. Generally, the most common phase and cor- 
relation relationships between two channels are correlated 
and in phase, correlated and in phase opposition (that is, out 
of phase by 180 degrees), and uncorrelated (in which case 
phase is irrelevant). If two equal amplitude correlated and 
in -phase channels are combined, the combined output is 
boosted by 6 dB. If two equal amplitude correlated and 180 
degrees out-of-phase signals are combined, they cancel. If 
two equal amplitude signals are uncorrelated, the combined 
output is boosted by 3 dB. 

[0033] With regard to the invention, if the phase shift 
difference applied by the circuitry is 90 degrees, the resultant 
combined signal consists of two components with a phase 
difference of 90 degrees, regardless of whether the two input 
signals were in phase or out of phase before being combined. 
When two signals with a phase difference of 90 degrees 
(regardless of whether they are correlated or uncorrelated) 
are combined, the boost is about 3 dB. The boost of the 
circuit is therefore a uniform 3 dB, regardless of whether the 
two input signals were in phase or out of phase before 
combining. 

[0034] FIG. 56 shows that the circuit of FIGS. 4a and 4b 
exhibits a substantially consistent 0 dB magnitude response 
over the frequency range shown. 

[0035] Referring now to FIG. 6, there is shown a block 
diagram of an audio signal processing circuit implementing 
the topology of FIG. 3d, and further including combining 
circuits for downmixing channels, as shown in FIG. 2a. The 
audio system has six input channels (left surround (Ls), right 
surround (Rs), low frequency effects (LFE), and center (C). 
First downmixing combiner 23 has as inputs the Rs channel 
signal, the L channel signal, and a signal that is the sum of 
the scaled inputs of the C channel signal and the LFE 
channel signal. Second downmixing combiner 28 has as 
inputs the Ls channel signal, the R channel signal, and a 
signal that is the sum of the scaled inputs of the C channel 
signal and the LFE channel signal. Phase shifting circuitry 
18 includes two cascaded digital all -pass filters 18-1 and 
18-2 applied to the signal at input 12 and two cascaded 
digital all-pass filters 18-3 and 18-4 applied to the signal at 
input 14. Each of the six input channels has an output 
channel output terminal, 52-1 through 52-6. 

[0036] The implementation of FIG. 6 is particularly suited 
to a digital signal processing 5.1 channel system for decod- 
ing matrix encoded signals. With matrix encoded signals, the 
surround channel signal is shifted in phase with respect to 
the left and right channel signals by -90 degrees. This signal 
is then added with the left channel signal and subtracted with 
the right channel signal such that it appears in the left and 
right channel signal shifted in phase by a relative 180 
degrees. Because of the phase relationships of the channels 
in a matrix encoded system, the decoded, quadrature shifted, 
multi-channel signals are differentially combined at summer 
16. 


[0037] Referring now to FIG. 7a, there is shown a plot of 
phase shift vs. frequency for the embodiment of FIG. 6, with 
filter 18-1 having a pole at -8.376 Hz. and a zero at 8,376 
Hz, filter 18-2 having a pole at -134 Hz and a zero at 134 
Hz, filter 18-3 having a pole at -37.44 Hz and a zero at 37.44 
Hz, and filter 18-4 having a pole at -599.17 Hz and a zero 
at 599.17 Hz. In the implementation of FIG. 6, which has 
multi-stage all-pass filters, the desirable phase shift of -90 
degrees is closely realized over a wide range of frequencies. 
The frequency spacing in each path (filters 18-1 and 18-2, 
8.376 Hz to 134 Hz, filters 18-3 and 18-4, 37.44 Hz to 
599.17 Hz) are each a factor of about 16. Generally, an 
in-path spacing of 16 gives the highest degree of accuracy of 
in-path phase shift, while an in-path spacing of greater than 
16 applies the in-path phase shift over a wider frequency 
range. The left to right side spacing (8.376 Hz to 37.44 Hz 
and 134 Hz to 599.17 Hz) are each a factor of 4.5. Generally, 
a left to right side spacing of 4 gives high accuracy of left 
to right difference in phase shift, and factors of greater than 
4 furnishes the phase shift difference over a wider range of 
frequencies. 

[0038] In addition to single stage or multistage all-pass 
filters, the phase shift circuitry can also be implemented by 
circuitry implementing Hilbert transform functions. In com- 
mercial implementations, all -pass filters may be preferable 
due to the simplicity of the circuitry. Single and multi-stage 
all-pass filters and Hilbert transform functions can be imple- 
mented using analog circuits, digital circuits, or micropro- 
cessors running digital signal processing software. 

[0039] FIG. lb, shows the magnitude response for the 
combining portion of the circuit of FIG. 6. The magnitude 
response is a substantially consistent +3 dB over the fre- 
quency range of interest, with a rolloff over the low-pass 
filtered portion of the frequency range. 

[0040] Referring now to FIG. 8a, the properties of all-pass 
filters can be used to simplify the circuits of FIGS. 36 and 
3c, in which the output signals are full range signals. If the 
phase shifter 18 is implemented as two all -pass filters (18-1 
and 18-2), chosen with parameters such that the phase shift 
operates only on a lower portion of the frequency spectrum, 
the high frequency paths, the result of FIGS. 36 and 3c, can 
be established with the circuit of FIG. 8a. With all-pass filter 
18-1 having a pole at -378 Hz and a zero at +378 Hz and 
all-pass filter 18-2 having a pole at -54.7 Hz and a zero at 
+54.7 Hz, phase shifter 18 shifts the phase by 80 degrees at 
63 Hz and by 100 degrees at 315 Hz. 

[0041] The audio system of FIG. 8a is preferably used 
with a pair of full range speakers. The sound waves radiated 
in response to the audio signals in the two channels are 
summed acoustically, after transduction, rather than elec- 
tronically before transduction as in the embodiment of FIG. 
6. In a situation in which radiated sound waves are summed 
acoustically, the power response is a function of loudspeaker 
spacing, speaker directivity and the wavelength of the radi- 
ated sound, but not the phase response of the audio system. 
So while equalizers 40 may be desirable for other reasons, 
in a system such as FIG. Ha, the equalizers may be omitted 
for a spatially averaged target response. 

[0042] FIG. 8b shows the frequency response of the 
circuit of FIG. 8a, 

[0043] Referring now to FIG. 9, there is shown another 
implementation of the invention. In the implementation of 
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